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Out Wandering epithelial cells from both
embryonic and adult skin explants in vitro
have been considered to exhibit disorganized
growth (1, 2). A more recent observation (3)
has shown that in epithelial outgrowths of
adult human skin different cell types are ar-
ranged in a specific pattern. This finding sug-
gests that outwandering epithelial cells arc
capable of considerable in vitro organization
not hitherto appreciated.
The present work is concerned with an ex-
ploration of this phenomenon in epithelial
outgrowths from skin and oral mucosa. Our
results indicate that epithelial cells from both
tissues, in the absence of any underlying con-
nectiVe tissue stroma, form well-organized
three dimensional structures as a consequence
of a specific proliferation-maturation gradient.
The latter is determined by attachment of
cells to a suitable surface.
MATERIALS AND METHODS
Pieces of normal adult abdominal skin or buccal
mucosa from tbe inner lower lip, approximately
2 mm in diameter and 1 mm thick, were grown in
plastic petri dishes either on the bottom of the dish
or on a glass coverslip. Some explants were held
in a thin clot of chick embryo extract and plasma,
while others were made to adhere to the under-
lying surface by drying at room temperature for
20—30 minutes. The tissues were immersed in 2
ml of Eagle's Basal Medium containing 10% calf
serum. Penicillin 100 units, streptomycin 100 units
and Mycostatin SO units/ml were also included.
Cultures were gassed with a 95% air-5% CO2 mix-
ture and incubated at 370 C. The medium was
changed every 3—4 days. In some experiments the
explant was removed after the epithelial out-
growth had become established.
For light microscopy, cultures were prepared in
3 ways. 1) Whole fixed preparations of outgrowth
attached to the coverslip were stained with hema-
toxyhn and eosin (H&E), dehydrated and
mounted. Other whole cultures were fixed in a 1%
solution of 0s04 for 2 hours and mounted un-
stained. This technique allowed good visualiza-
tion of tubule-like structures which appeared black.
2) The fixed cultures were gently peeled off the
attachment surface, embedded in paraffin, serially
sectioned perpendicular to the surface of the out-
growth and stained with H&E. Examination
showed that virtually no cells were left behind on
the attachment surface. 3) Specially oriented 1
micron sections embedded in plastic were stained
with Azure II.
For electron microscopy, cultures were fixed for
1—2 hours at 40 C in 6.25% glutaraldehyde in 0.1
M phosphate buffer (pH 7.3) containing 0.2 M
sucrose. After washing in buffer, the cultures were
post-fixed in 1% OsO in 0.1 M phosphate buffer
(pH 7.3) for 2 hours, dehydrated and embedded in
Epon. lJltrathin sections were mounted on copper
grids, stained with a 3.5% uranyl acetate solution
for 15 minutes and 0.4% lead citrate solution for
60 seconds. They were examined with a Siemens
1-A electron microscope.
In autoradiography studies, 0.2 microcuries of
tritium-labeled thymidine were introduced into 4
day old cultures. After 24 hours, the free thymidine
was removed by several washings with unlabeled
medium. Some cultures were fixed at this time.
Others were grown in fresh unlabeled culture fluid
for a further 6 days before fixing. Autoradiographs
of serial sections of whole cultures were made ac-
cording to the method of Caro and Van Tubergen
(4).
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Epidermis. A sheet of cells appears on the
glass or plastic about 4 days after explantation
of the skin. The sheet enlarges radially for 3—
5 weeks until a roughly circular growth several
mm in diameter is achieved (Fig. 1). It is
not a monolayer but the extent of the layering
can not be determined by a surface view ex-
amination. Mitosis occurs throughout the
radial width of the epithelial sheet and the
mitotic index may be as high as 15—20/1000
cells. As shown by serial sections cut per-
pendicular to the surface of the outgrowth,
mitosis is confined to the lower layer of cells,
most of which were attached to the glass or
plastic surface. As far as can be discerned
with the light microscope, the division axis is
oriented longitudinally rather than vertically.
At the extreme periphery, where a mono-
Received for pubhcation May 3, 1967.
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Fio. 1. Eleven day skin culture. Portion of the outgrowth as seen in a wholemount prepa-
ration. The central explant has heen removed to permit mounting. The epithelial shest
appears thicker towards the center (right side of photo) than at the advancing edge (left
side of photo). Channel-like structures (arrow) are present within the outgrowth sheet.
X 63.
Fio. 2. Flat polygonal epithelial cells at the edge of the outgrowth of 10 day skin culture.
The nucleus contains several nucleoli. Intercellular bridges are seen (arrow). X 875.
FIG. 3. Vertical section of 28 day skin culture. The outgrowth is directly continuous with
the stratified epithehum overlying the dermis (D) of the explant. )< 63.
Fio. 4. Portion of the outgrowth of 33 day skin culture. There is stratification into ap-
proximately 40 cell layers, each about 2.5 c thick. Individual cell outlines are not entirely
distinct in the photo. Lower cells are basophihc whereas upper cells arc cosinophilic. >< 400.
Fio. 5. Electron micrograph of lower (basal) cells of 8 day skin culture. The cytoplasmic
memhrane is approximately 70 A in width and is thickened in places to form normal desmo-
somes (D). Mitochondria (M), free ribosomes (R), Golgi membranes (G) and small bun-
dles of tonofilaments (arrows) fill the cytoplasm. >< 17,500.
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FIG. 6. Electron micrograph of upper cells of outgrowth from 8 day skin culture. Disap-
pearance of all ribosomes and mitochondria has occurred. Tonofilaments (T) are oriented
in various directions. Multivesicular bodies (MB) are present. The cytoplasmic membrane
is thickened. Desmosomes (D) link the cells together. X 20,000.
FIG. 7. Electron micrograph of an upper "mature" cell from a 19 day skin culture cut
parallel to its flattened surface. Bundles of tonofilaments (T) comprise the bulk of the
cytoplasmic elements. X 12,250.
FIG. 8. Electron micrograph. Thickening (200 A) of the inner component of the double
11
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layer frequently exists, the individual epi-
thelial cells are large (25—30 microns in diam-
eter), flat (1—2.5 microns in thickness) and
polygonal in shape (Fig. 2). Nuclei are large
and contain several nucleoli. Intercellular
bridges can be seen.
The outgrowth is directly continuous with
the epidermis of the explant (Fig. 3) and con-
sists of stratified cells easily identifiable in
sections cut perpendicular to the surface (Fig.
4). Stratification is generally more extensive
near the explant with a gradual decrease in
the number of layers towards the actively mi-
grating outer edge. A monolayer is present only
at the very edge. The number of cell layers
increases as cultures become older and may
comprise a total thickness of 0.1 mm in cul-
tures 5—6 weeks old. To date, no culture has
remained viable beyond 6 weeks.
Cells of the lower layers show intense cyto-
plasmic basophilia (Fig. 4). They are usually
flattened but not infrequently are cuboidal. In
contrast, cells of the uppermost layers are al-
ways flattened and have an eosinophilic cyto-
plasm.
Electron microscopic examination of the
lower basophilie cells (Fig. 5) indicates that
the cytoplasm contains abundant free ribo-
somes, mitochondria, Golgi membranes and
small bundles of tonofilaments. The latter fre-
quently are attached to normal desmosomes.
The diameter of individual filaments is 40—
50 A. The cytoplasmic unit membrane is ap-
proximately 70 A thick. Numerous villi may
be seen in the large intercellular spaces be-
tween the lower cells (Fig. 23). Except for
their flattened shape, cells of this type arc
quite similar morphologically to normal epi-
dermal basal cells.
In contrast, the ultramicroscopic appearance
of cells comprising the upper layers of the
outgrowth is quite different (Fig. 6 and 7).
There is nearly complete disappearance of
mitochondria and ribosomes. Instead, tonofila-
mcnts, individually or in bundles, comprise
most of the cytoplasmic material. Individual
filaments are 75—100 A in diameter and show
a linear beading pattern. In general, the num-
ber of filaments seems increased over that in
the basal cells. Although some cells are com-
pletely filled with tonofilaments the pattern
seen in normal stratum corneum in vivo is
not manifest (5).
Other changes include a thickening of the
cytoplasmic membrane (Fig. 6). At high mag-
nification (Figs. 8 and 9) it is evident that
this is due to a thickening of the inner com-
ponent of the double membrane to give an
overall width of 200 A. The membrane change
occurs abruptly as cells move into upper strata
of the outgrowth (Fig. 8). Small granules are
sometimes seen in direct apposition to the
membrane (Fig. 9). Desmosomes connect the
cells and seem similar to those linking basal
cells although they may be smaller. Granules,
similar to multivesicular bodies, make their
appearance (Fig. 6). True keratohyalin gran-
ules are not present. The intercellular space is
often filled with an amorphous electron dense
material (Fig. 9).
Autoradiographs of serial sections follow-
ing exposure to tritium-labeled thymidinc
show the label is first taken up only by the
lower basal cells of the outgrowth (Fig. 10).
It appears 6 days later in nuclei of the upper
cells (Fig. 11). Thus the upper cells are de-
rived from underlying basal cells of the out-
growth. For reasons that are not clear, tritiated
thymidine does not appear to be incorporated
into any of the cells which remain overlying
the explant itself.
These observations demonstrate that the
upper cells represent mature forms of the basal
cells. Near the explant they account for most
of the layers of the outgrowth, but at the
advancing edge they comprise only a single
upper layer of cells or else arc absent. Ex-
amination of many light and electron micro-
membrane (arrow) indicates maturation of cells during their passage from lower to upper
layers of the outgrowth. X 42,250.
Fio. 9. Electron micrograph of thickened membranes of two mature cells. An electron
dense intercellular material is present (arrow). Small granules (G) are in apposition to the
cell membrane. X 100,000.
Fio. 10. Autoradiograph of the outgrowth. Tritium-labeled thymidine added to culture
4 days old, removed after 24 hours. Grains are seen in nuclei of lower basal cells; nuclei of
upper cells (arrow) are unlabeled. >< 740.
.Fm. 11. Autoradiograph of outgrowth 6 days after exposure to tritium-labeled thymidine.
Grains are now present only in heavily labeled nucleus of topmost cell (arrow). >< 740.
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FIG. 12. Electron micrograph of basal cells in outgrowth of 9 day culture of buccal mu—
cosa. Morphologic characteristics of desmosomes, free ribosomes, tonofilament bundles,
cytoplasmic membrane and general stratification of cells are identical with those seen in
epidermal basal cells. X 26,100.
Fic. 13. Electron micrograph of mature cells from outgrowth of 7 day culture of buccal
mucosa. The abrupt change is shown by comparing basal cell (lower left corner) to the
mature cells. The latter have a thickened cytoplasmic membrane (arrow), multivesicular
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scope sections of outgrowths of various ages
showed that basal cells are always located
closest to the attachment surface whereas ma-
ture cells are always seen only in the upper
strata. If the outgrowth is mechanically dis-
lodged from its attachment base, as in at-
tempts at subculturing pieces of outgrowth,
maturation of all cells occurs and proliferation
ceases.
Fibroblasts were not seen in the outgrowths.
This is probably explained by the fact that
epithelial cells migrate and completely sur-
round the explant within 4 days. Because a
minimum time of 10—12 days is required be-
fore fibrohlasts emigrate from the explant they
are "imprisoned" by the epithelial cells.
Cultures on glass or plastic without clot
show considerably less outward growth than
those with clot. Eventually, however, a small
outgrowth appears which shows a simliar
stratification.
Mucous membrane. The outgrowth from
buccal mucosa also is an epithelial sheet of
stratified flattened cells. The basal cells and
upper mature cells are indistinguishable from
those seen in epidermal cultures (Figs. 12
and 13).
Removal of the explant. In order to eliminate
the possibility that organized behavior of the
outgrowth is due to the presence of the con-
nective tissue of the explant, the latter was
completely removed from several cultures im-
mediately after the outgrowth had become es-
tablished on the attachment surface. Mitosis
continued and the outgrowth increased in
diameter. Microscopic examination showed
that stratification and cell maturation pro-
gressed in both old and new portions of the
outgrowth for periods up to 5 weeks.
Organizational determinants within the
outgrowth. Several secondary structures ap-
pear within the mass of the outgrowth which
are correlated with a reorientation and at-
tachment of basal cells to cellular entities
rather than the attachment surface of the
culture vessel. The sequence of changes is
somewhat difficult to follow in static prepara-
tions, but examination of large numbers of
cultures permits a reasonable reconstruction of
events.
Early in the culture, certain elongated
branching cells appear (Fig. 14). These cells
are intensely cosinophilic. Their epidermal
nature is indicated by the presence of large
numbers of tonofilaments in the cytoplasm
(Fig. 15). The unit membrane is thickened.
Thus, they have the characteristics of ma-
ture cells from the stratified part of the out-
growth.
Such elongated cells are also seen to course in
large bundles through the outgrowth (Fig. 16),
attracting basal cells to their perimeter. Cross
section of such a structure (Fig. 17) shows
a central mass of material staining dark blue
with Azure II. By electron microscopy, this
central heavily-stained mass is found to be
comprised of mature epidermal cells (Fig.
18). Several layers of basal-type cells surround
this central core.
Staining with 1% solution of 0504 often
reveals black tubule-like structures within
the outgrowth (Fig. 19). Cross-sections of
these tubules show they have a center core of
relatively amorphous, light-staining material
(Fig. 20). This, in turn, is surrounded by
concentric layers of cells which merge with
those of the stratified part of the outgrowth.
By electron microscopy, the central contents
are mainly free bundles of tonofilaments and
cell debris (Fig. 21). Sometimes the tonofila-
ments are densely grouped in a manner strongly
suggesting the shape of a previously intact
mature cell. Occasionally there are regions im-
mediately adjacent to the central core where
basal cells show swelling, nuclear alteration
and cytoplasmic disruption (Fig. 22). Usually
the inner layers of the tubule wall are nor-
mal basal cells which give rise to several outer
layers of mature cells (Figs. 23 and 24) in a
manner similar to that seen in the stratified
portion of the outgrowth sheet.
The above findings suggest that the tubule
bodies (MB), and tonofilaments (T). Ribosomes and mitoehondria have disappeared.
>< 12,000.
FIG. 14. Eosinophilic, elongated, branching cells coursing through epidermal outgrowth.
X 160.
Fia. 15. Electron micrograph of cross-section through a cell as shown in Fig. 14. The
cytoplasm is entirely filled with tonofilaments; the cytoplasmic membrane is thickened
(arrow). X 30,000.
Fio. 16. A large bundle of elongated cells coursing through the outgrowth. Basal cells
(arrow) are packed closely around the bundle. X 100.
328 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Fio. 17. Cross-section of cell bundle such as shown in Fig. 16, stained with Azure II.
The central mass of material seems amorphous and stains intensely blue. Arrow refers to
area shown in Fig. 18. >< 1000.
Fio. 18. Electron micrograph at the edge of same structure as shown by arrow in Fig. 17.
The central dark mass of material is seen to consist of mature cells like that of Fig. 15 in
which the cytoplasm is entirely filled with tonofilaments (arrow). They are surrounded by
basal cells (B). >< 5000.
FIG. 19. Whole mount 19 day culture fixed in 1% 0504 for 2 hours showing blackened
tubule-like structure within the outgrowth. X 105.
Fio. 20. Cross-section through a tubule-like structure similar to that of Fig. 19. The
central contents (C) are amorphous and relatively light-staining with Azure IT. Concentric
layers of cells surround the central material. Attachment to outgrowth sheet indicated at
arrow. X 630.
FIG. 21. Electron micrograph of central contents of structure shown in Fig. 20. Scattered
bundles of tonofilaments (T) and cell debris (arrows) are present. X 25,500.
FIG. 22. Electron micrograph of cells bordering the center (C). The nucleus (N) is
altered. The cytoplasm is disrupted and cells appear to be disintegrating. X 15,000.
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FIG. 23. Electron micrograph of tubule-like structure such as that shown in Fig. 20.
Concentrically arranged layers of basal cells surround the center (C). Note villi (arrow) of
basal cells. X 12,000.
FIG. 24. Electron micrograph of the outer part of the tubule wall. Basal cells (B) are
replaced by mature cells with thickened cytoplasmic membrane (arrow). Tonofilaments (T).
Vacuole (V) may be artifact of fixation. X 18,000.
FIG. 25. Whole-mount of outgrowth of 10 day skin culture. A thickening is present from
which finger-like extensions (arrow) ramify into the peripheral outgrowth. Explant at site(E) has been removed to permit mounting. X 42.
FIG. 26. Section perpendicular to a culture like that of Fig. 25. Large cavernous structure
lined by basal cells. Mature cells (M) comprise the upper surface. The central contents
(C) are lightly eosinophilic and fibrous in appearance. X 335.
FIG. 27. Higher power of finger-like projection. A central channel (C) of amorphous
material is surrounded by closely-packed basal cells which produce a lobulated appearance.
X 42.
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structures are formed initially by orientation
of basal cells around the elongated mature
cells, the latter ultimately breaking down to
form a core of cell debris. By observing cul-
tures daily, it was apparent tbat tubules con-
tinued to grow botb in widtb and length.
This occurred by a process of lysis of some
central basal cells accompanied by prolifera-
tion of others. Cells moving in an outward
direction showed the same type of maturation
as in the stratified part of the outgrowth.
Other structures suggesting cell organiza-
tion are present within the epithelial sheet of
many cultures. As shown in Figure 25, areas
of thickening of the outgrowth appear in the
immediate vicinity surrounding the explant.
Serial sections of entire cultures show that
these areas represent large caverns formed by
a split in the epithelial sheet (Fig. 26). The
reason for this split and how it develops is
not clear. The cavern contents appear fibrous
and slightly eosinophilie with the light mi-
croscope. By electron microscopy, the con-
tents are similar to those of the tubules, i.e.
cell debris and tonofilaments. As in the tub-
ules, the cells lining the cavern are basal
cells. Those of the roof of the cavern are
capped with several layers of mature cells.
Caverns enlarge also by central cell lysis.
Extending peripherally from the caverns are
straight or curved channels containing cell
debris derived from cell necrosis (Fig. 25).
These channels also serve as loei npon which
basal cells become aligned to produce a lobu-
lated appearance of the outgrowth (Fig. 27).
The reasons for the generally linear and radial
orientation of the channels are not clear. Some
channels seem to begin ole novo in the periph-
ery of the outgrowth without apparent con-
nection with the central caverns (Fig. 1).
Removal of the explant with its connective
tissue has no discernible effect upon the sub-
sequent development of these structures.
Channels and caverns are also present in
the outgrowth from oral mueosa. Tubules were
not seen in the limited number of specimens
examined.
DIscussIoN
The evidence shows that outwandering epi-
thelial cells in vitro are able to mature in an
organized way. In the stratified part of the
outgrowth, the lower cells closest to the attach-
ment surface show frequent cell division. The
nature of the eytoplasmic membrane and cy-
toplasmie contents indicates that these cells
have the morphologic characteristics of im-
mature basal cells of skin and oral buceal mu-
eosa as seen in vivo (5, 6, 7, 8).
In contrast, cells of the upper layers have
features characteristic of more mature cells.
A widening of the inner component of the
eytoplasmic double membrane produces an
overall thickness of 200 A, somewhat greater
than that seen even in vivc (5). Degeneration
or loss of ribosomes and other organelles is
accompanied by an overall increase in the
number and diameter of the tonofilaments.
Small granules seen in apposition to the thick-
ened membrane possibly represent so-called
membrane-coating granules (9). The dense
intercellular material seen both in vivo (5)
and in vitro has also been associated with
cell maturation oeeuring in lower forms of
life (10).
In vivo a similar phenomenon is seen in
epidermis except that events proceed further
(5). As epidermis matures, cytoplasmic
granules known as keratohyalin appear and
are correlated with the formation of a stratum
eorneum having a specific ultramicroscopic
appearance not seen in our in vitro prepara-
tions. The failure of keratohyalin granules to
appear suggests that some factor, possibly sup-
plied by the connective tissue stroma, may be
necessary for this expression of epidermal
cell capability. Hambriek et of (11) have re-
ported that acid mueopolysaccharides induce
stratum corneum formation in organ culture
of skin. However, electron microscopic defini-
tion of the changes induced is not yet avail-
able.
Buecal mucosa in vivo normally does not
produce stratum eorneum as seen in epidermis,
although it can under certain influences (12).
Normally there is loss of cytoplasmie or-
ganelles and thickening of the cytoplasmie
membrane as the cells move toward the sur-
face, but only a slight increase in tonofila-
ments occurs (7, 8). Thus in vitro, the out-
wandering mncosal cells express approximately
the same maturation response as in vivo.
Well-organized cell maturation is seen not
only in that part of the outgrowth directly
attached to the glass or plastic, but also is a
prominent feature in cavernous structures
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and in the wall of the tubules formed within
the outgrowth. The basal cells of these struc-
tures do not lie on a solid substrate like glass,
but rather on a base of mature cells or cell
debris. McLoughlin (13) has shown that an
"acellular" mesenehymal material which clings
to isolated embryonic cpidermal cells in
vitro has organizing and orienting properties.
Cell debris may serve a similar function in
our system. It may well be the factor causing
basal cell orientation in the channels of the
outgrowth as well. In any event, basal cells
"attached" to cell debris show proliferation
with maturation in an outward direction to
produce the same basal cell-mature cell rela-
tion as that seen in the stratified portion of
the outgrowth.
The maturation gradient seen in the strati-
fied outgrowth, caverns and tubules is of par-
ticular interest because, in contrast to the
situation in vivo, the most mature cells are
closest to the available source of nutrients in
the culture medium while the germinative
cells arc farthest away. Whereas it has pre-
viously been though that maturation occurs
because of epidermal cell location with re-
spect to nutrients (14) our results indicate
that other factors are pre-eminent. Specifi-
cally, the primary factor determining the di-
rection of the gradient of cell proliferation
and maturation appears to be the attachment
of the germinative cells to a suitable surface.
In further support of this conclusion is our ob-
servation that when the germinative basal
cells are detached from the glass or plastic,
proliferation ceases and cells mature.
Studies with embryonic skin under different
conditions of culture support our findings with
adult skin. Both Dodson (15, 16) and Wessells
(17), employing intact isolated sheets of
chick embryonic epithelium in vitro, have
found that cell orientation, proliferation and
maturation occur on a variety of attachment
surfaces in the absence of living mesenchymal
cells. These authors proposed that attachment
itself somehow maintains the cells in an un-
differentiated condition. Dodson (16) has
proposed that the basement membrane in vivo
may serve a similar function.
There is little doubt that outwandering adult
epithelial cells in vitro are capable of orga-
nized behavior and are not a mass of un-
organized cells. Removal of all connective
tissue from our cultures did not materially af-
fect this organization. It has been pointed
out (15, 19) that mesenchymal influences on
epithelium extend only for distances of 60—SO
microns across a filter membrane. Thus, it
seems unlikely that the connective tissue of
the explant, even if allowed to remain for the
entire duration of a culture, had any effective
influence on the outwandering cells, the vast
majority of which were considerbly farther
than 80 microns from the explant.
5UMMAISY
Epithelial outgrowths from human adult
skin and buceal mucosa in vitro, in the ab-
sence of underlying connective tissue, form
multilayered sheets and tubules which have a
consistent pattern of organization. This be-
havior seems due to an orientation determined
by the attachment of immature basal cells to
a variety of substrates. Cells which main-
tain attachment to substrate continue to
proliferate while those which move away from
the attachment surface mature in a fashion
similar to that seen in vivo.
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